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 Abstract 
 We describe a 74-year-old Japanese man with systemic ﬁ broinﬂ ammatory conditions closely 
resembling those of immunoglobulin G4-related disease (IgG4-RD). Radiology and histology 
showed characteristics of IgG4-related tubulointerstitial nephritis, despite normal serum IgG4 
value and scanty IgG4-positive plasma cell inﬁ ltration in each organ. This case suggests that a 
condition closely mimicking IgG4-RD may develop without IgG4-positive plasma cells and those 
exceptional cases should also be taken into account in the diﬀ erential diagnosis of IgG4-RD. 
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not always responsible for the characteristic picture of IgG4-RD, 
although this paradox is diﬃ  cult to explain and will require further 
investigation and collection of cases. 
 Case report 
 A 74-year-old Japanese man was admitted to our hospital for inves-
tigation of multiple swollen LNs with hypergammaglobulinemia 
and eosinophilia. He had been treated for type 2 diabetes mellitus, 
hypertension, and old cerebral infarction. He had received a left 
internal carotid artery intimal resection at the age of 64 years and 
percutaneous coronary interventions at the age of 69 and 71 years. 
He had allergic rhinitis for 2 years. Seven months before admission, 
he presented with a 1-week history of dry cough to an aﬃ  liated 
hospital. Laboratory data showed eosinophilia (eosinophil count 
1,840/ μ L) and slightly increased serum IgG levels (1,917 mg/dL; 
reference, 739 – 1,649 mg/dL). Computed tomography (CT) of 
the chest and abdomen revealed mediastinal lymphadenopathy, 
ground glass opacities and consolidation in the bilateral lungs, and 
swelling of the pancreatic tail. He was diagnosed with eosinophilic 
pneumonia from the ﬁ ndings of bronchoalveolar lavage and trans-
bronchial lung biopsy. Bronchial asthma was also diagnosed based 
on spirometry, and  β -2 stimulator inhalation therapy was started. 
Six weeks before, he had been admitted to the aﬃ  liated hospital 
because of poorly controlled diabetes and eosinophilic pneumonia 
(eosinophil count 2,751/ μ L with worsening of pulmonary CT ﬁ nd-
ings) and worsening of generalized lymphadenopathy. Because 
hematological malignancy was suspected, extensive examinations 
including bone marrow and submandibular LN biopsies were 
performed. Neither bone marrow nor submandibular LN biopsies 
showed any atypical cells or monoclonalities. Positive emission 
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 Introduction 
 Immunoglobulin G4-related disease (IgG4-RD) is a newly rec-
ognized ﬁ broinﬂ ammatory systemic disease involving multiple 
organs, for example, pancreas (type 1 autoimmune pancreatitis 
[type 1 AIP]), biliary tree, salivary glands (SGs), periorbital 
tissues, kidneys, lungs, lymph nodes (LNs), and aorta [1 – 3]. Hall-
marks of IgG4-RD include serum IgG4 elevation and substantial 
IgG4-positive plasma cell (PC) inﬁ ltration in aﬀ ected organs [4,5], 
although around 20% of type 1 AIP patients have normal serum 
IgG4 levels [6]. 
 IgG4-related kidney disease (IgG4-RKD) usually presents as 
IgG4-related tubulointerstitial nephritis (TIN) [7 – 10]. In addition 
to serum IgG4 elevation and IgG4-postive PC inﬁ ltration, IgG4-
related TIN has several characteristic morphological and histologi-
cal features, that is, storiform ﬁ brosis (bird ’ s-eye pattern ﬁ brosis) 
and regional lesion distribution [7 – 9]. Although the Japanese 
Society of Nephrology and Mayo Clinic, respectively, proposed 
diagnostic criteria for IgG4-RKD based on the above features 
[11,12], it remains undetermined whether IgG4 molecule  per se is 
always directly implicated in the development of IgG4-related TIN 
or is only a bystander. 
 We report a case with a condition closely mimicking IgG4-RD 
with multiple organ involvement including characteristic IgG4-
related TIN, but with normal serum IgG4 value and scanty IgG4-
positive PC inﬁ ltration. The ﬁ ndings suggest that IgG4 itself is 
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 Figure 1. Diagnostic imaging shows multiple organ involvement. (a) 
Positive emission tomography shows accumulation of ﬂ uorodeoxyglucose 
in the parotid and submandibular glands, lymph nodes, lungs, pancreas, 
kidneys, and prostate. (b) – (c) Enhanced CT showed submandibular, 
supraclavicular, axillary, mediastinal, paraaortic, and inguinal lymph 
node swelling, interstitial pneumonia with small nodular lesions and 
bronchiectasis in the lung, patchy hypoattenuated lesions in the pancreas 
head and body, multiple low-density lesions in the kidney, and abdominal 
aortic aneurysm with aortic wall thickening. 
tomography showed accumulation of ﬂ uorodeoxyglucose in the 
parotid and submandibular glands, LNs, lungs, pancreas, kidneys, 
and prostate (Figure 1a). He was referred to our hospital for further 
close examination and treatment. 
 On physical examination, the temperature was 36.2 ° C, and the 
blood pressure was 129/89 mmHg. Several bilateral neck, axillary, 
and inguinal LNs were swollen to 1 – 2 cm in diameter, respectively. 
All LNs were soft and non-tender. Lungs were clear to ausculta-
tion and abdomen revealed no abnormalities. Laboratory ﬁ ndings 
included the following: white blood cell count: 5,900/ μ L with 25% 
eosinophils (eosinophil count 1,475/ μ L), hemoglobin: 12.7 g/dL, 
platelet count: 373,000/ μ L, aspartate aminotransferase: 35 IU/L, 
alanine aminotransferase: 38 IU/L, serum creatinine: 0.71 mg/dL, 
C-reactive protein: 0.2 mg/dL, IgG: 5,593 mg/dL (IgG1 2,700 mg/
dL [reference, 320 – 748 mg/dL], IgG2: 1,020 mg/dL [reference, 
208 – 754 mg/dL], IgG3: 165 mg/dL [reference, 6.6 – 88.3 mg/
dL], IgG4: 10 mg/dL [reference, 4.8 – 105 mg/dL]), IgE: 352 IU/
mL (reference,    250 IU/mL), C3 40 mg/dL (reference, 44 – 102 
mg/dL), C4 1 mg/dL (reference, 14 – 49 mg/dL), total hemolytic 
complement (CH50) 0 U/mL (reference, 31 – 49 U/mL), rheu-
matoid factor: 31 IU/mL (reference,    20 IU/mL), and soluble 
interleukin-2 receptor (sIL-2R): 2,423 U/mL (reference, 220 – 530 
U/mL). Antinuclear antibodies were slightly positive at a titer of 
1:20 with homogeneous pattern. Urinalysis showed negative pro-
teinuria and negative occult blood. The level of urinary N-acetyl-
 β -D-glucosaminidase was 24.8 U/L (reference, 1 – 5 U/L) and that 
of urinary  β 2-microglobulin was 1,522  μ g/L (reference, 16 – 518 
 μ g/L). Enhanced CT showed submandibular, supraclavicular, axil-
lary, mediastinal, paraaortic, and inguinal LNs swelling, interstitial 
pneumonia with small nodular lesions and bronchiectasia in the 
lung, hepatosplenomegaly, patchy hypoattenuated lesions in the 
pancreas head and body, multiple low-density lesions in the kid-
neys, and abdominal aortic aneurysm with aortic wall thickening 
(Figure 1b, c). We performed a renal biopsy, since the radiographic 
abnormalities were suggestive of IgG4-RKD. 
 The renal biopsy revealed lymphoplasmacytic inﬁ ltration with 
ﬁ brosis mimicking IgG4-related TIN (Figure 2a – c). A few inﬁ l-
trating eosinophils were also noted. In addition, regional lesions 
with clear borders between aﬀ ected and unaﬀ ected areas with 
characteristic storiform ﬁ brosis (bird ’ s-eye pattern ﬁ brosis) [7] 
were revealed. In contrast, the glomeruli and vessels showed only 
minor abnormalities. Immunoﬂ uorescence showed no predomi-
nant immunoglobulin and complement deposition, and so we did 
not perform electron microscopy. Immunostaining revealed dense 
CD138-positive PC inﬁ ltration (Figure 2d). In contrast, IgG4-
positive PCs in the most concentrated areas were below 10/hpf, 
and IgG4-positive/IgG-positive PCs ratio was also below 40% 
(Figure 2e). IgG1 and IgG2-positive PCs were predominant (data 
not shown). 
 We further performed inguinal LN and small SG biopsies. The 
inguinal LN biopsy showed decreases of lymphoid follicles, atro-
phic germinal center with discrete mantle zone, and expansion of 
the interfollicular area (Figure 2f). In addition, high endothelial 
venules were prominent and there was polymorphous cellular 
inﬁ ltration; small lymphocytes, PCs, and atypical immunoblasts. 
Neither light chain restriction nor immunoglobulin heavy-chain 
rearrangement was detected. These light microscopic features 
were similar to those of IgG4-related lymphadenopathy (type III: 
interfollicular expansion and immunoblastosis) [13]. Although 
complete exclusion of early-stage T cell lymphoma was diﬃ  cult 
because TCR- γ gene rearrangement was detected, totally negative 
immunostainings using diagnostic markers including CXCL-13, 
PD-1, and CD10 suggested that the diagnosis of angio-immuno-
blastic T cell lymphoma was very unlikely. The small SG biopsy 
showed dense lymphoplasmacytic inﬁ ltration with moderate 
ﬁ brosis around ducts. These ﬁ ndings were rather more typical 
for IgG4-RD than for Sj ö gren ’ s syndrome. However, the absolute 
number of inﬁ ltrating IgG4-positive PCs was very low, and the 
results of immunostaining of LN and small SG with IgG subclass 
were as follows: LN; IgG1 244/hpf, IgG2 131/hpf, IgG3 46/hpf, 
IgG4 0/hpf; small SG; IgG1 183/hpf, IgG2 62/hpf, IgG3 25/hpf, 
and IgG4 0/hpf (Figures 2g and 3). 
 Although the patient did not meet either the comprehensive 
diagnostic criteria for IgG4-RD or diagnostic criteria for IgG4-
RKD [11,12,14], we administered 30 mg/day (0.5 mg/kg/day) of 
prednisolone (PSL) because the possibility of lymphoma was con-
sidered quite low. After the administration of PSL, the swollen LNs 
shrank rapidly. Two weeks thereafter, enhanced CT demonstrated 
improvement of the generalized lymphadenopathy and interstitial 
pneumonia, disappearance of multiple low-density lesions in the 
kidneys, and reduced size of the pancreas (Figure 4). Laboratory 
data were also dramatically improved within 4 weeks as follows: 
eosinophil count 51/ μ L, IgG 1,008 mg/dL, IgE 26 IU/mL, C3 55 
mg/dL, C4 21 mg/dL, CH50 42 U/mL, and sIL-2R 272 U/mL. The 
dose of PSL was gradually tapered to 5 mg/day, which was then 
adopted as the maintenance dose. No ﬂ are has been observed for 
42 months. 
 Discussion 
 Despite the absence of serum IgG4 elevation and IgG4-positive 
PCs inﬁ ltration, the present case showed a systemic ﬁ broinﬂ am-
matory condition with multiple organ involvement remarkably 
similar to that of IgG4-RD. It is noteworthy that the kidney exami-
nation revealed many of the speciﬁ c features of IgG4-RKD includ-
ing multiple hypodense lesions in radiographic examination and 
lymphoplasmacytic inﬁ ltrates with storiform ﬁ brosis (bird ’ s-eye 
pattern ﬁ brosis), eosinophil inﬁ ltration, and regional lesion distri-
bution in histopathological examination [7 – 9]. Moreover, various 
negative ﬁ ndings of IgG4-RKD were absent including granuloma, 
ﬁ brinoid necrosis, neutrophil inﬁ ltration, atypical cells, and severe 
tubulitis which are suggestive of other inﬂ ammatory or malignant 
diseases as well. A favorable response to corticosteroid was also 
consistent with IgG4-RKD [15]. In spite of these similarities to 
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 Figure 2. (a) – (e) Renal biopsy, 
(f) – (g) Inguinal lymph node 
biopsy. (a) Renal biopsy reveals 
lymphoplasmacytic inﬁ ltration with 
ﬁ brosis mimicking IgG4-related 
tubulointerstitial nephritis. A regional 
lesion distribution is evident. The 
glomeruli and vessels show only 
minor abnormalities (PAS,    100). 
(b) Dense inﬁ ltration of plasma cells 
and lymphocytes is seen. A few 
eosinophils are also seen (HE,    400). 
(c) Lymphocytes and plasma cells are 
surrounded by storiform ﬁ brosis, the 
so-called bird ’ s eye pattern (PAM, 
   400). (d) Inﬁ ltration of many 
plasma cells is seen (CD138,    100). 
(e) IgG4-positive plasma cells are 
infrequent (IgG4,    100). 
(f) Decreasing lymph follicle, 
atrophic follicle, expansion of 
interfollicular region and dense 
plasma cell and lymphocyte 
inﬁ ltration with a few eosinophils 
(HE,    100). (g) IgG4-positive 
plasma cells are infrequent (IgG4, 
   100). 
IgG4-RD, the patient did not meet either the comprehensive diag-
nostic criteria for IgG4-RD or the proposed diagnostic criteria for 
IgG4-RKD because serum IgG4 elevation and IgG4-positive PC 
inﬁ ltration are the essential in these diagnostic criteria [11,12,14]. 
 Indeed, elevated serum IgG4 level is a major hallmark of 
IgG4-RD [5]. However, recent studies have shown that it is not 
uniformly present in type 1 AIP (sensitivity 68 to 81%) [16,17], and 
cases of IgG4-RD with normal serum IgG4 levels have also been 
reported. Kamisawa et  al. compared the characteristics of serum 
IgG4-negative type 1 AIP with those of serum IgG4-positive type 
1 AIP, although kidney involvement was not noted [6]. In serum 
IgG4-negative type 1 AIP patients, morphological, and histologi-
cal features were somewhat diﬀ erent with segmental swelling of 
the pancreas, less IgG4-positive PC inﬁ ltration, and fewer extra-
pancreatic lesions [6]. In addition, Zen and Nakanuma showed that 
the number of involved organs inﬂ uences serum IgG4 levels [18]. 
Moreover, in patients with IgG4-related retroperitoneal ﬁ brosis, 
low serum IgG4 levels have been observed probably because of 
the presence of advanced disease with dominant ﬁ brosis. These 
ﬁ ndings suggest that serum IgG4 level depends on the extent and 
phase of lesions in IgG4-RD. Thus, it is unnatural in our case that 
serum IgG4 level is within the normal range despite that he had 
multiple organ involvements and each kidney, LN and small SG 
involvement was not in an advanced phase with predominant ﬁ bro-
sis but rather in a relatively early phase with PC-rich conditions. 
 Another important hallmark of IgG4-RD is dense IgG4-pos-
itive PC inﬁ ltration in aﬀ ected organs. Hence, an IgG4-positive 
PC/IgG-positive PC ratio or absolute number of tissue-inﬁ ltrating 
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 Figure 3. Immunostainings of IgG 
subclasses. (a) – (d) Inguinal lymph 
node biopsy, (e) – (h) Small salivary 
gland biopsy. (a) IgG1 (   200), 
(b) IgG2 (   200), (c) IgG3 (   200), 
(d) IgG4 (   200), (e) IgG1 (   400), 
(f) IgG2 (   400), (g) IgG3 (   400), 
(h) IgG4 (   400). Note that IgG4-
positive plasma cells are scant both 
in inguinal lymph node and small 
salivary gland. 
IgG4-positive PCs has been adopted as a critical diagnostic crite-
rion with high sensitivity and high speciﬁ city [17,19,20]. To date, 
only one case report from Makiishi et  al. was published recently 
which showed scant IgG4-positive PC inﬁ ltration in the aﬀ ected 
organs whose clinical picture was undistinguishable from that of 
IgG4-RD [21]. Our case was quite similar to Makiishi ’ s case with 
submandibular gland, kidney, LN, pancreas, and periaortic lesions 
with marked hypocomplementemia, hypergammaglobulinemia, 
and normal serum IgG4 level. In our case, not only the kidney 
but also all other biopsied organs such as LN and small SGs had 
few IgG4-positive PC inﬁ ltrates. Although the similar diagnostic 
signiﬁ cance of small SG biopsy in comparison with other typically 
involved organs is not widely accepted yet, it would be very diﬃ  -
cult to attribute the scarce IgG4-positive PC inﬁ ltrates noted in all 
biopsied organs in this case to mere sampling error. Because this 
study and Makiishi ’ s cases were very diﬃ  cult to diagnose using 
the already available diagnostic criteria of IgG4-RD, prudent clini-
cal and imaging evaluations are necessary when such cases with 
clinical features very similar to those of IgG4-RD and without 
evidence of involvement of IgG4 are encountered. 
 In order to understand what actually makes the characteristic 
lesions of IgG4-RD, it might be useful to clarify whether the immu-
nological background in our case is similar to that of IgG4-RD 
in spite of scant IgG4 production. Predominant activation of T 
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 Figure 4. Enhanced CT after steroid administration shows improvement of 
multiple low-density lesions in the kidney. 
 Figure 5. Double immunostaining of 
CD4 and CD25 in tubulointerstitial 
lesion. Mononuclear cells positive 
for CD4 ( red ) or CD25 ( green ) are 
detected. The merge image showed 
a few cells doubly positive for CD4 
and CD25 in an area of interstitial cell 
inﬁ ltration lesion ( arrows ). 
helper type 2 (Th2) and regulatory T (Treg) cells is characteristic 
of IgG4-RD including IgG4-related TIN, type 1 AIP and IgG4-
related Mikulicz disease [22 – 24]. Th2 cells produce interleukin 
(IL)-4, IL-5, IL-13, and these cytokines induce eosinophilia and 
production of IgE. In addition, Treg cells produce IL-10 and trans-
forming growth factor-beta (TGF- β ). IL-4 and IL-10 induce a class 
switch to IgG4, and TGF- β induces ﬁ brosclerosis. In the present 
case, a history of allergies, eosinophilia, serum IgE elevation and 
eosinophil inﬁ ltration point to a Th2-dominant immune response. 
Furthermore, CD4 and CD25 double-positive cell inﬁ ltration in 
the kidney showed Treg cells involvement (Figure 5). Certainly, 
these immunological conditions are insuﬃ  cient to conclude the 
diagnosis of IgG4-RD because it remains undetermined whether 
Treg cell inﬁ ltration is useful for the diagnosis of IgG4-RD. How-
ever, in our case, these ﬁ ndings suggest that not IgG4 molecule 
 per se but Th2- and Treg-dominant immune response contributes 
to the formation of IgG4-RKD-like lesions. Although we could 
not clarify why a class switch to IgG4 was not induced in spite of 
activation of Th2 and Treg cells, the possibility of some abnormal-
ity of IL-10 signals was surmised. 
 Exclusion of malignant lymphoma was also of major importance 
in our case. Histopathological, immunohistochemical, and biomo-
lecular analyses of biopsied LN could not completely exclude the 
possibility of angioimmunoblastic T cell lymphoma or angioim-
munoblastic lymphadenopathy with dysproteinemia. However, his 
very benign clinical course in addition to the presence of several 
extranodal lesions such as pancreatitis and TIN, all of which would 
be atypical for lymphoma, rather supports the diagnosis within the 
IgG4-RD spectrum. 
 In summary, our case suggests that a clinical picture and charac-
teristic renal histology closely resembling those of IgG4-RKD can 
be induced even in the absence of IgG4 involvement. We cannot 
completely exclude the possibility that our patient did not meet the 
diagnostic criteria for IgG4-RD because of mere sampling error or 
the late phase of the disease. However, histopathological ﬁ ndings 
indicating relatively early phase with PC-rich lesions suggest that 
scanty IgG4-positive PC inﬁ ltration of all three biopsied organs 
is not mere sampling error. Thus, we conclude that a condition 
closely mimicking IgG4-RD may develop without IgG4-positive 
PCs. In the meantime until additional information becomes avail-
able and more cases are collected, it seems reasonable to treat 
such cases with steroid administration after careful examination to 
exclude other pathologies especially malignancy. 
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